Introduction
Appropriate cleaning and shaping are essential for successful root canal therapy 1, 2 , as they create room for the action of irrigating solutions and intracanal medications in order to combat bacteria and their byproducts. Transportation may be defined as some undesired deviation of the original root canal lumen 3 , and it can result in inadequate cleaning and adversely affect treatment prognosis. A centered enlargement allows the maintenance of the initial root canal shape, providing more efficient disinfection while avoiding root perforations [4] [5] [6] [7] .
http://dx.doi.org/10.5335/rfo.v19i1. 3525 The introduction of nickel-titanium (NiTi) instruments opened up new perspectives in Endodontics, since their superelasticity contributes to a more centered preparation along the root canal walls in comparison to stainless steel hand instruments 6, 8, 9 . Nevertheless, ideal instruments are still desired, and wide ranges of NiTi rotary systems are constantly being developed.
On the other hand, the continuous use of NiTi instruments may cause deformation in their metal structure 10 , which may contribute to inadequate preparation, resulting in insufficient sanitization of the root canal system. Additionally, the presence of surface defects in endodontic instruments may contribute to their fracture 11 .
Wizard CD Plus TM (WP) and Wizard Navigator TM (WN) are recently introduced NiTi rotary systems, which present instruments with ISO-sized tips (ISO 3630-1:2008). Each system offers file sequences with different tapers, i.e., .02 to .14 for WP, and .04 to .07 for WN instruments. BioRaCe TM (BR) has the same physical characteristics as the former RaCe system; however, they differ in taper, instrumentation sequence, and handle configuration. BR has shown satisfactory results in the preparation of curved root canals 12 .
Furthermore, these instruments present differences in their design and surface. BR instruments receive an electropolishing surface treatment [12] [13] [14] [15] , in order to remove machining defects, while WP and WN instruments are not submitted to any surface treatment.
Although these features, as well as instrument surface defects, may greatly affect the canal centering ability, there are few studies on the ability of BR and WP instruments to avoid canal transportation 12, 16 , whereas WN systems have yet to be studied.
Thus, the present study aimed to assess the canal centering ability of BR, WP, and WN instruments, while associating this feature with instrument characteristics observed by SEM.
Materials and method
The present study was approved by the Institutional Ethics and Research Committees (11/05622) of the Pontifical Catholic University of Rio Grande do Sul (PUCRS).
Thirty upper first molars were selected and radiographed using a direct digital system (CCD Cygnus Ray MPS; Progeny, Buffalo Grove, USA). Teeth presenting endodontic manipulation, incomplete root formation, calcifications and/or root resorption were excluded. The maximum degree of mesiobuccal canal curvature and their positions were determined as previously reported 17, 18 . Ten sets of each system were used, thus establishing a single use for the NiTi files. Prior to preparation, the mesiobuccal roots were sectioned at their cementoenamel junction, using a high-speed diamond bur (KG Sorensen, Cotia, Brazil) under water-cooling.
Canal Preparation
The working length (WL) was visually established. A size #10 K-file (Dentsply-Maillefer, Ballaigues, Switzerland) was inserted into the root canal until its tip was visible at the apical foramen. The WL was determined by reducing 1 mm from the total length, and recorded. It was set between 15 and 17 mm in all samples. A single trained operator performed canal instrumentations for all groups. Sizes #10 and #15 hand files were used throughout the WL. Then, NiTi rotary systems were used with a pecking motion. At each change of instrument, the canals were irrigated with 2 mL of 1% NaOCl (Biodinâmica Quimica e Farmaceutica Ltda, Ibiporã, Brazil). The order in which instruments were used, their speeds, and torque are shown in Table 1 . 
Measurements of canal transportation
A single blinded and calibrated examiner performed centering ability analysis. Images of the axial sections corresponding to 2, 4, 6, and 8 mm from the apex were transferred to Adobe Photoshop program (version CS3; Adobe Systems Inc, San Jose, USA). At each section, pre-and post-preparation images corresponding to the canal center were marked. While marking the center region, one parallel line was drawn at the root canal limits (mesial, distal, buccal, and palatal). Next, measurements were made in the BP and MD directions, and the intersection between the two measures was marked. Captured images were overlapped through the subtraction technique (Fig. 1A) , and the distance between the two points was measured in both BP and MD directions (Fig. 1B-D) . The closer to zero the measure was, the more centered the canal preparation 5 .
SEM analysis
New instruments were washed in ultrasonic vat (Cristófoli, Campo Mourão, Brazil), packed in surgical grade paper (Descapark, Sao Paulo, Brazil), and sterilized by autoclaving (Dabi Atlante, Ribeirão Preto, Brazil). All instruments were then examined under a Philips XL 30 microscope (Eindhoven, North Brabant, Netherlands) at their tips, and at 5mm from it, at ×100 magnification. A single blinded and calibrated examiner analyzed the images to verify the surface finishing of these instruments, as well as topographical features and surface defects. Data obtained was descriptively analyzed.
Statistical analysis
Measures of centering ability were analyzed using two-way ANOVA. The significance level was set at 5%.
Results
Canal transportation occurred in all groups, but significant differences were not detected (Fig. 1E-F) , regardless the apical distance (2, 4, 6 and 8 mm) and canal direction (p > .05) (Fig. 1) . The analysis of SEM images showed that BR instruments presented rounded tip, transitional angle, and surface finishing that was regular and polished. The cutting edges had a sharp angle. WP instruments showed a transitional angle, although the tip had a more abrupt edge. Surface finishing was irregular and the cutting edges had a flattened angle. WN instruments had an abrupt transition from the instrument shank to its tip, the surface finishing was irregular, and the cutting edges had a sharp angle (Fig. 2) .
Figure 2 -Instruments surface under SEM. (A) 25.08 BR instrument showing round tip and transitional angle. 30.08 WP file presenting a transitional angle, although the tip had a more abrupt outline. 25.07 WN showing an abrupt transition from the instrument shank to its tip (arrows); Surface finishing was irregular for WP and WN files, and polished for BR instruments (*). (B) WP instrument flutes presented flattened cutting edges (∆) compared to BR and WN files, in which a sharp angle could be detected. (C) Intentional groove defects were found at the flutes of 30.08 WP files. Unintentional abrupt flute features could be detected along the instrument differing from 25.07 WN and 25.08 BR instruments (★). BR files presented a well-defined and polished outline

Discussion
The present study analyzed the centering ability of two recently introduced NiTi rotary systems (WP and WN), in comparison to an already established system (BR). The results observed herein showed that, generally, BR, WP, and WN instruments produced similar canal transportation, which was also comparable with the amount of deviation produced by other commonly employed rotary systems 7, 20 . Recent studies have shown that NiTi files did not avoid the occurrence of apical transportation 5, 19, 21 , but this deviation is reduced when compared to manual techniques 4, 6, 7 .
Acceptable limits for canal transportation should be based on dental anatomical features. Thus, the measurement of canal wall thickness at different apical distances is of utmost importance when determining appropriate preparation techniques. In mesio-buccal roots of maxillary molars, dental walls are thicker toward the cervical portion.
Regarding mesiobuccal canals of maxillary molars, approximately 2 mm from the apex, root canal wall thickness is set between 0.84 and 2.15 mm, whilst, at an apical distance of about 8 mm, this measure is comprised between 1.23 and 1.58 mm 22 . Correlation among data presented suggests that all groups promoted tolerable canal transportation in most of the samples. Meanwhile, particularly for BR and WN groups at 2 mm from the apex, canal transportation was critical in some specimens if considering the possibility of iatrogenic complications. At this point, although not statistically significant, a potentially relevant advantage was detected for WP centering ability; this fact may be explained by greater WP file tapers, which were designed to provide further elimination of cervical interferences 23 .
A number of study models have been used to compare canal shape before and after instrumentation [5] [6] [7] 9, 12, 21, 24, 25 . However, taken into account the importance of dental tissue hardness and the morphological complexity cited above, curved roots of human molars were preferred 26 . Moreover, to avoid the influence of confounding factors, groups were balanced for variations in canal anatomy, as recommended 16 .
As well as previous studies 5, 7, 16, 19, 21 , this investigation used CBCT images to assess the centering ability of different instruments. Besides being a non--destructive and accurate method, this technique allows observation in both MD and BP directions, which is not possible when applying conventional radiographs 27 . Endodontic literature has yet to clearly establish an association between canal curvature and transportation directions. Whereas, some studies using mesiobuccal canals showed tendency toward mesial transportation 19, 25 , which has been attributed to curvatures frequently observed in a distal positions. Meanwhile, other authors have stated that the direction of canal curvature has no effect on the direction of transportation 28 . One possible explanation for conflicting results is that methods employed no longer assessed the discrepancies between MD and BP transportation. The methodology adopted herein allowed such an approach, showing similar canal transportation in both directions.
Giannastasio et al. 16 (2013) evaluated the apical transport of two rotary systems, Wizard CD Plus and Protaper Universal, in simulated root canals. The authors used the same subtraction technique and found that both systems promoted little apical transport with no statistically significant difference between them. Their findings are in agreement with those of the present study.
In this study, BR instruments presented a regular and polished surface when observed by SEM. In accordance with Yamazaki-Arasaki et al. 15 (2013), BioRaCe and ProTaper instruments presented less roughness than other systems. On the other hand, WP and WN instruments showed irregular edges under SEM. These features were tactilely perceived by the friction during instrumentation, and could affect the canal centering ability, thus producing greater transportation in one direction. Nevertheless, irregularities in WP and WN groups may yet have contributed to such poor standardization of centering ability, which was supported by the high standard deviations observed.
However, despite differences in the topography of such instruments, no statistically significant difference between groups was observed. The basic sets recommended by the manufacturer were used for the preparation of root canals in this study, however, the apical instrument in the BR group was 40.04, and for the WP and WN groups it was 30.06. The larger apical diameter presented by BR instruments could have negatively influenced the centralization of preparation. Such a hypothesis was not confirmed in this study because this system showed similar results of others systems. The fact that this group presents a regular surface might have influenced these results. Considering that in the present study a single use was established for the instruments, further studies are necessary to assess the influence of repeated uses on centering ability.
Conclusion
Taking into account the small dimensions of root canal walls, it can be concluded that none of the NiTi rotary instruments presented ideal centering ability, despite the differences in the topography of such instruments. 
